ABSTRACT
INTRODUCTION
The latest Ericsson Mobility Report [1] indicates that the total number of mobile telephone users will exceed the global population in 2015. For the first time, the report revealed that by the year 2019 there will be a 3-up to 4-fold increase in the number of active mobile M2M devices, which was 200 million at the end of 2013 [1] .
The number of mobile phone users was 56.7 million at the end of March 2014, which was 3.4% higher than the year before [2] .
Ulger et al. [3] investigated the surfaces of 200 mobile phones belonging to health care personnel and isolated different bacterial species from 94.5% of the samples. They found [3] that approx. 35% of mobile phones were inhabited by two types of bacteria, and 11% by three or more strains.
Research [4] showed that one square centimeter of a mobile phone surface was covered by approximately four thousand microbes, including fungi, while a landline phone handset was covered by an average of approx. 25 thousand bacteria, which makes telephones the greatest concentrations of bacteria in the human environment.
There are no reports on the enzymatic activity and drug susceptibility of fungal strains isolated from mobile phone surfaces in the world literature.
The activity and nature of enzymes released by fungi may play an essential role in adaptation and reflect fungal virulence. Secretion of hydrolytic enzymes is a known factor that facilitates pathogenic fungi to invade tissues. Hydrolytic enzymes are responsible for catalyzing, among other things, the hydrolysis of C-O, C-N, C-C bonds [5] .
By exerting chemical and physical effects on the environment, these enzymes ensure the survival of fungi in the tissues and directly participate in host protein digestion. The released hydrolases [5] cause keratolysis of the stratum corneum, which is used as a source of nitrogen and carbon.
According to the Nomenclature Committee of The International Union of Biochemistry and Molecular Biology: Enzyme nomenclature (1992), hydrolytic enzymes include [6] :
 esterases (carboxylic ester hydrolaseslipase and phospholipase A2, phosphoric monoester hydrolases -alkaline and acid phosphatase and sulphuric ester hydrolases -sulfatase),  glycosidases (alpha-glucosidase, betaglucosidase, alpha-mannosidase, N-acetylbeta-D-glucosidase),  peptidases (aminopeptidases, arylamidases, proteinases, elastases, collagenases, keratinases),  ureases.
The host's cell membranes, comprised of lipids and proteins, are a target for the enzymatic attack of microbes, which facilitate the invasion of mammalian tissues.
In recent years, there has been a growth in fungal resistance to antifungal drugs.
The aim of this study was to assess the potential correlations between drug susceptibility and the enzymatic activity of strains isolated from the surfaces of mobile telephones and the hands of their owners.
MATERIALS AND METHODS
The Bioethics Committee of the Medical University of Bialystok approved the study, approval no. RI-002/489/2010.
A total of 175 mobile phones and 175 hands of students and professors of the Medical University of Bialystok and university hospital personnel were included in the mycological evaluation.
Biological monitoring of mobile phone and hand surface contamination was performed with a Count-Tact TM applicator using Count-Tact plates (bioMerieux) containing a medium complying with the requirements of the Draft European Standard CEN/TC 243/WG2. CandiSelect (Bio-Rad) was used to identify yeast-like fungi.
The enzymatic activity of fungi was determined using the API ZYM tests by BioMerieux, containing substrates for the identification of 19 hydrolases. Enzymatic activity was determined in nanomoles of hydrolyzed substrate, in accordance with the intensity of the color reaction, according to the manufacturer's instructions, always by the same person.
Drug susceptibility was assessed using FUNGITEST® (Sanofi Diagnostics Pasteur) for the analysis of the growth of yeast-like fungi in the presence of six drugs: 5-fluorocytosine, amphotericin B, miconazole, ketoconazole, itraconazole, and fluconazole used at two concentrations, in modified RPMI 1640 medium, in the presence of a redox indicator.
The results were interpreted according to the manufacturer's instructions, always by the same person and always with reference to the color of two wells containing the same drug: a blue color in both wells indicated an in vitro susceptible strain; a pink color at lower concentrations and a blue color at higher concentrations indicated an in vitro strain with low susceptibility; and a pink color in both wells indicated an in vitro resistant strain.
Numerical characteristics of the evaluated parameters, percentage values, and the Wilcoxon test were used for statistical analysis.
RESULTS
The following was found based on the material collected from the surfaces of mobile phones and the hands of their owners:
 Candida glabrata dominated among the strains isolated from the material (89.1% -hands; 74.9% -mobile phones).  The average number of fungal colonies of the same genera/species was higher in samples collected from hand surfaces than those from mobile phone surfaces.  The median of the number of fungal colonies was significantly lower than the average, which suggests that few samples from the study population were identified with a large number of fungal colonies.  The maximum values were very high for some types of fungal genera (Table 1) .

No fungi were isolated from 0.6% of hand surfaces and 5.7% of mobile phone surfaces. The main aim of this study was to do a detailed analysis of the correlations between the hydrolytic activity of certain enzymes and resistance to different types of antimycotics.
Information on the number of drugs to which the isolated strains were resistant was also included. Statistically significant correlation coefficients are marked with * in the tables (p value lower than 0.05). They are additionally highlighted in bold.
We found that the strength of almost all statistically significant correlations was very low (R rarely exceeded 0.30), which indicates that the practical importance of these correlations may be limited. Nevertheless, they signal if and where any correlations between activity and susceptibility occurred. Table 2 contains the results of an analysis of correlations between enzymatic activity and susceptibility to antifungal drugs of Candida albicans isolated from hand surfaces. We found statistically significant correlations between increased resistance to 5-fluorocytosine and higher activity of acid phosphatase; increased resistance to ketoconazole and higher activity of betaglucuronidase; increased resistance to miconazole and higher activity of beta-glucosidase; increased resistance to itraconazole and higher activity of Nacetyl-beta-D-glucosidase, as well as increased susceptibility to itraconazole and higher enzymatic activity of cystine arylamidase and naphthyl phosphohydrolase.
Other correlations were statistically insignificant. Table 3 contains the results of an analysis of correlations between enzymatic activity and susceptibility to antifungal drugs of Candida albicans isolated from mobile phone surfaces.
We found statistically significant correlations between increased resistance to 5-fluorocytosine and higher activity of naphthyl phosphohydrolase and lipase; increased resistance to miconazole and higher activity of betaglucosidase; increased resistance to fluconazole and higher activity of alpha-glucosidase, alphagalactosidase, and fucosidase. Other correlations were statistically insignificant. Table 4 contains the results of an analysis of correlations between enzymatic activity and susceptibility to antifungal drugs of Candida glabrata isolated from hand surfaces.
We found statistically significant correlations between increased resistance to 5-fluorocytosine and higher enzymatic activity of alkaline phosphatase, chymotrypsin, and alphaglucosidase; increased resistance to fluconazole and higher enzymatic activity of esterase and betaglucosidase as well as increased susceptibility to ketoconazole and higher enzymatic activity of cystine arylamidase; increased susceptibility to fluconazole and higher enzymatic activity of mannosidase. Other correlations were statistically insignificant. Table 5 contains the results of an analysis of correlations between enzymatic activity and susceptibility to antifungal drugs of Candida glabrata isolated from mobile phone surfaces. We found statistically significant correlations between increased resistance to 5-fluorocytosine and higher enzymatic activity of chymotrypsin and alpha-mannosidase; increased resistance to miconazole and higher enzymatic activity of beta-glucuronidase; increased susceptibility to miconazole and higher enzymatic activity of leucine arylamidase and acid phosphatase; increased susceptibility to itraconazole and higher enzymatic activity of lipase. Other correlations were statistically insignificant. Table 6 contains the results of an analysis of correlations between enzymatic activity and susceptibility to antifungal drugs of Candida krusei isolated from hand surfaces. We found statistically significant correlations between increased resistance to itraconazole and higher enzymatic activity of naphthyl phosphohydrolase and alpha-galactosidase; increased resistance to fluconazole and higher enzymatic activity of trypsin and betaglucosidase; increased susceptibility to 5-fluorocytosine and higher enzymatic activity of alkaline phosphatase, valine arylamidase, trypsin and chymotrypsin; increased susceptibility to ketoconazole and higher enzymatic activity of cystine arylamidase. Other correlations were statistically insignificant. Table 7 contains the results of an analysis of correlations between enzymatic activity and susceptibility to antifungal drugs of Candida krusei isolated from phone surfaces.
We found statistically significant correlations between increased resistance to 5-fluorocytosine and higher enzymatic activity of alpha-mannosidase; increased resistance to ketoconazole and higher enzymatic activity of trypsin; increased resistance to itraconazole and higher enzymatic activity of beta-glucosidase; increased resistance to fluconazole and higher enzymatic activity of beta-glucosidase; increased susceptibility to ketoconazole and higher enzymatic activity of beta-galactosidase and beta-glucosidase; increased susceptibility to itraconazole and higher enzymatic activity of valine arylamidase. Other correlations were statistically insignificant.
With regard to the strains of Candida tropicalis isolated from hand surfaces of mobile phone owners, we found statistically significant correlations only between increased resistance to miconazole and higher activity of esterase (p=0.014) and leucine arylamidase (p=0.008). With regard to the strains of Candida tropicalis isolated from mobile phone surfaces, we found statistically significant correlations only between increased resistance to ketoconazole and higher activity of esterase lipase (p=0.030).
DISCUSSION
The increasing growth of fungal resistance to commonly used antifungals encourages intensive research that could explain the thus far unexplored mechanisms of fungal virulence and resistance to drugs.
A substantial amount of literature data indicates that Candida albicans strains, which are characterized by high proteolytic activity, are also the most pathogenic strains [7] [8] [9] [10] [11] [12] [13] .
Naglik et al. [7, 8] showed that Candida albicans strains which release large amounts of proteases are definitely more pathogenic than mutants lacking the ability to produce these enzymes.
Other studies [9] showed that the disruption of the genes responsible for producing proteolytic enzymes resulted in reduced fungal pathogenicity.
According to Batura-Gabryel and Młynarczyk [10] , there was a statistically significant correlation between the proteolytic and lipolytic activity of the tested strains.
Krajewska-Kułak et al. [11] also showed statistically significantly higher activity of proteolytic enzymes among Candida strains isolated from patients with chronic recurrent vaginal candidiasis compared with the enzymatic activity of strains isolated from females without clinical symptoms. Other authors observed a similar correlation for other ontocenoses [12, 13] .
In their study of Candida strains isolated from the blood, Ashraf et al. [14] found that the strains showed significantly higher activity of proteolytic enzymes compared with strains isolated from patients without clinical symptoms.
Fekete-Forgas et al. [15] showed that Candida albicans strains with induced resistance to fluconazole showed greater ability to produce proteases as well as population invasiveness.
Tyczkowska-Sieroń and Kurnatowski [16] decided to investigate the relationship between hydrolytic enzyme activity and resistance to fluconazole. They included 200 Candida strains in their analysis. They assayed hydrolytic enzyme activity using the APIZYM test and drug susceptibility using the disc diffusion method. The authors [16] showed a statistically significant correlation between the enzymatic activity of Candida strains and their resistance to fluconazole in the case of some of the enzymes. The high resistance of C. glabrata to fluconazole was associated with high activity of acid phosphatase and lack of releasing beta-glucosidasis and Nacetyl-beta-D-glucosidase [16] .
Evaluation of susceptibility of isolated fungi as well as the type and activity of enzymes they release allows determining their pathogenicity.
In our study, we generally showed statistically significant correlations between increased resistance to 5-fluorocytosine, ketoconazole, miconazole, fluconazole, itraconazole and higher activity of alphagalactosidase, alpha-glucosidase, leucine arylamidase, beta-glucuronidase, beta-glucosidase, chymotrypsin, esterase, acid phosphatase, alkaline phosphatase, naphthyl phosphohydrolase, N-acetylbeta-D-glucosidase, and trypsin for isolates from hand surfaces.
In the case of isolates from mobile phone surfaces, we generally showed statistically significant correlations between increased resistance to 5-fluorocytosine, miconazole, fluconazole, ketoconazole, itraconazole and higher enzymatic activity of alpha-galactosidase, alphaglucosidase, alpha-mannosidase, beta-glucuronidase, beta-glucosidase, chymotrypsin, naphthyl phosphohydrolase, fucosidase, lipase, and esterase lipase.
